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1 

[!®f*f85j?©Sgffl] 

^®Ui§S-C^aLfcGa AsJfclJ I nGaAs*>f. 

^iSjcD^S^a^WSCnM^M^^Sn/cA 1 
GaAs*>6«c5f20^1i, f£DI2©3UgWl 
fcmLXnM*mai>*ma3titc I nGaPH45I 
3©*iI{*JI±. ^3©*^<*Jl«:«b-rnM^*«iftl 
*5^Jja$n/cG aA s*^^5^4©^j»#@i> buIB 
?S4©¥g#Jf£«fflL-Ti&W6*ifclfn©yHz*BBP io 

i^l ©y^*^P©rt^CliufBJP3©^#JI£ 
«ffiUT§awe>ftfc»2©';-feXggP<!:, Ig02©';-fe 

t&z n/cy- hist, Hirisur 4 <D¥m#m<D±temsE 

fc®^igSf^IIL!tGa A s £/d* lnGaAsi'?> 

GaP^fb^sizo^ii, ®m2<D¥m&m<<c 

^Xnm^mti^ma^intcA 1 G a A sfrhte&n 
3 <!: . ISSH 3 <D4£&f*JBtC« Ltn S^WM 
tfSSfltlSttfc I nGaP#>6&£l£4©¥2?M*JI<fc> IS 
SS4 O^zSWl CCS 0 r n M^^tf^JJlI SflfcG a A 30 
s*>£ft£fit5©¥agWf i. lTOIB&5<D3U0{*n«jr 

au-rrsaw ©y-tz^pi, &s&i©y-fe* 
^pcDrtajKt5fa^4 <D¥m&mt5£vmizm3 <omm 

© >J -fe*B3P©JgS0CCfifcH lsltffltffi2 <D*m#m<D$k 

wic&m s titc y- b t . Mian 5 ©*3i«i©± 
{ctiriam 1 ©y -fe^Bflp*^-cMfflij«:^sti/cv- 

[ 4 ] mssm 3 j: omt m 4 40 

ft* * ft -S «• n iPRK4fflil£*sMfla&'5 ©*^i*Jl 

3 ia«g©mi?S6m F7>y^$. 

{cffi^iiSr^QLfcG a A s ^/d* lnCaAs*6 
*iaj©±«**it*RBfW«:nSW»*J»Jni3ti3fcA 1 

Ga i npfrh%zm2<Dm$#mt. mm2<D^mw 
mfc&\sxnwxmm&maztiich 1 GaAsH* 

•£l£3©*igttJI<!:. ^3©¥^^{C«L-CnM^ 50 
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2 

*G8WJ»flD3*lfc I nGaP*>e.%5I4CD^iftl 

y is * wo/aw®*, wism 4 (omm&m *$ «t urn? am 3 

©¥£#Jf£»ffll,Tf&W£ftfclil2©y-tz*giiP<!:, 
^2 © y -feX^PCjggfHcSSttl LtelWIB»2 

@©*®{c^^*T.«:y- hfzmt. m&m5<D*m# 
B©±cc tufast 1 © -b^^p^^-rMffliKc^fiSd ft 

^fc^*ns#nM^6«jiSK*ifrBam5©^#**ji 
5 tBis©m#^m h 7 > y * * „ 

CCfifcl *i8tl£.~Cf&lM b G a A s&ftit I nGaAsH 

te2>mi<D¥m&mt. &m ©^WBtcjgu-a?;* 

GaAs*f.i6il2(DfWl*i<!: > ^2©^f*a 

teg lt js 5 -fifa<D±w$. Mtmmmc n M^F«^*sas 

flDSftfcl nGaPitPe.ft^SO^^Ii, 
©^^(CgLrnM^^*^a3n/cA 1 GaA 

s*>e>^t*®4©i(i®<*@«b. mmAvmmwmtcmL 

•CnMXmm&mmStitc. I nGaPA>i5%5f50f 
ShfcGa A s*>6^-5^6©^»Jl(b. liufBffl6© 

mm&mzmmvcmvtititcm i<o>) * xmni±> m 

E» 4 «aor»w 6h/cf 2 © -tz^ia 

Pi, ^2©v-fe^^p©jsgp(csfflL-ifcfriam3© 
mmibmomffiicBi&zti-rcy- vmmt. mmmeo 
im»m<D±(cmsm 1 © y ■fe*Hn*aw,TW««cj& 

[lfl*H 8 ] g9IB^ 4 ©^igfWgfcJ: cmiE* 5 ©*^ 

<*^{c^snssnM^6^iSK*Wfa06 ommwm 

© n S>7iN«fift£tC ib^riSC > C t ?r#S4 i t i> fR^g 
7 IBi£©^l?35!im 

[000 1 ] 

[ S^i©^^^ ] *!6l§BSI?ja« h7>^}', 
*K G a A s «*fc±«C<f§¥ S tl. B.iXMWmfalC\% L 

[0002] 

[ft#©&ffi] iltRK-^^o^WMCc^DSm^ 

^x©snfcia^ftt^jfflLfc^^Pg^miiL3ais n 
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LTififf*taaB*»a>Ti»*. 
[0 00 3 ] ^ruS^lW h -5 irfcfc^T 

»»ff*Bl^fcS«r#4Cik#. «*K, Huang 
9«Ciotl991 IEEE MTT-S Dige 
st (T-f -< — f — f — • 1 9 9 1 *PSBT7 * ajffiS' 
(D^7 1 3K*>&&7 1 6HKfa4£ 

*<DSSBBffffi«JSH©— W*H5«c^-T. Bfcfe^T:. 
ltt¥*«ttGaA slfe 2««JL«GaAs*tet* 10 
A 1 Ga A s feKlicn^fni^i-ptM 

H W fcWin 3 ft T I > a t > * fe » i&K-cgs »n 

9fW(c n STKWVtBlOS *ifc A 1 G a A s S^tW&JI 
(TS) , 4ttWAtfGaAs*/cBInGaAs(CJ: 
oTfltefc3ft, L^fenS^iltttSfcttpaiW*!©^ 

BWJtC n H^|fi«3W»llDS *ifc A 1 G a A s m^^S 20 
(±S) , 6ttn^tttt*«2niOfcGa A s n>£? 
FT», 7BnS^«*JBt«t«:»abfcGaAs 3 
>Z?h±m* 8ttV-*«S, 9^'-hiS, 10 

[0004] c©«e*flBi4b^^psf^«»ja* h 

^>i?X^O«Fft«. GaAs3>*^Hi7*i9 
4 C <b Cc <fc 0 JfM$ ftfc OA F y -te*S)P 
0D$s (w 1 ) <h*<E>y-te*SS3 (dl), WO'GaA 
s n>2^ FTJi6*Xsr ^>^*r-5C£tC«tO^ 
jflESn&^p-y-fe^BPOH (w2) t*©y-fex* 30 
3 <d2) v $6iCGaAsn>3?^hiil7(!:GaA 
sa>*^Hi6CD#Ft-Ktt(nl, n 2 ) CcJ: 

[0 0 0 5 ] */c, tHR < A s ) 7C»*dto{b£»¥# 
#a<k» (P) 7aR*dWfc^«*»#JB^6««S*i 

0, F W^flfnatftQ'^^ftS^ac^a ■> 
»JTffl«lf»*F^>^* (MESFET) iflWSrC 
* 5 C i«|W4 - 1 9 9 6 4 1 %«{cfct»tE« 

3ftrc>s. 40 

[0 0 0 6 ] Site, NiAlGaAsIiGaAsI 
(*fc« I nGaA si) O-^f- Pft^ffll^SE*© 

AlGaA s©F-t>^«a* s +»tC^*<'r#&C> 

^marftofe. C*i6©rail«, N5SInGaPm<b 
G a A s lO^fPSa, SfdJNSl nGaPii I 
nGa A s Jf CD^P^£JB^&SJ?»:3I h^>^* 
*(C«to"C«»l-C**C£3WHDg6 0-8 68 7 2# 50 
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AffisJitfttHBB 3 -2 2 8 7 6 3-^^CC*3l>rlB 
t83*lt^S. 
[0007] 

© 2 « y * zmm-^ h 5 >y ^ * *ff 

»-raxetc*cir«. maufc^-f Fy-fexnpa 

(w 1 ) £*©y -te^gBS (dl), *5cfcCX^P-UH2 
*HP« (w2) i-e-OV-bX&i* (d2) £]itfit&K 

rasnxT *y-fe*wp« <wi. w 
2) ©fflflpjcoi^rtt, WWoyvy97^tMW*» 

Istetth, immtntLXA l G a A s /G aAsS 
#MC>6ftfc«teK:tt, £y-te*ai3 (dl, d2) 4 

J8C>6ftTl>SA lfflj£0, 3«T©A I GaA s tG 
aAs (^/dilnGaAs) ©Ifflrtt, mm&mti*tc 

x 9 * > y ©a^ccwtmrnr +#a x v ^ > ^iign 
si-r £ tc &> tc « x ? * > y «ra **(iflP v a w *i «a a 

ft, x^^>y«<Dffl^a^»S««0^fll. 

x ;n|I-C(Dx * ^ > y«©afttttt©*<fca <t* ©FHB 

# y -b * x v * > ^gg 3 (DiEm atWfflKD j& w i a o r 2 
©y -fexKAMwas— tt#?6£u c^^xAi^t 

/Co L/e#oT, A lGaAs/GaAs^rM 

b&acsa 2 sy -kxw&zm&Tzz t&m 

[0 0 0 8 ] 

»+»CC®li«K"CaS»IIU/cG a A s JfcBInGaA 

r/5 3#f°J<D£*£* fcttWUrffMc nfflWttaWBJniS ft 
fcAlGaAs^6ft^2(D^ftli, SS2©f 
mfcmfcfelsTnMTmfy&ml)U$titcl nGaPrt>6 
tt4»30*iHWi, BW3<D*»{*:a(c«Lrng8 
^K»3W«JD3 hfcGaAs*>64«*4 ©*»»a 

iii«»4o*a»#a*iiabra»6*ifc»i©y 
•fexgapt, a»ioy-b^MPort»jciws»3(D* 
a«*a«:itaL,rRW6*i3fe»2(oy-fe^api, mm 

2 CD y ■feXMP©JS«CcBaLfcSWB»2 ©*2g#^CD 

iKMinf^-Fsii, ttia*4©*aw*a© 

±K«JgB3S 1 <D y -te ^ M□**^rw«^c JB«3 *i/c y 
-xmfiSt FU-/>«ttiSr«*ra*C<fcS:««tr 

[0 0 0 9 ] 2 QftQiOSJHAa F7>^^ 
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$ ti s n m^mssifim am 4 ©^®<*ji © n 

[0010] *Hft 3 ©^©mi?5am 
tt. ^K»*SHW«:*JainL/Ja:t»*>*fcB+»«:Ct»a 
SrfttlLfcGaAsSfctJI nGaAs#>6£c-2>mi 
©¥S»f*Jl<t, iS^i©*2S»Jl«:SbrJl$*|fii©^ 
?c«^^ic n mwrniwrnm s nfc 1 n g a p a> 

3S**6*tf*8Hll]SttfcA 1 G a A s SJ3 ©*ig 

^3©^ttJl(cSUTnM^»^^n3 10 

w^ftfcifi i©<;-trx^n<t. ^mi©';-fex^p©rt 

SBtcifff aS 4 ©^<*H*J <fc atufaffl 3 ©*i«&JI£S 
jiUrs9;W6n/c»2©'J-fe^reP<!:, Km2©y-fe* 

^□©jssfifcgstfs l /cHiiia^ 2 <&m#m<D8m<cf&i£ 
BtriaM5©^»@©±«:H5faii 

1 © U ^*^P£g^TMflWK:7£j£3*ifc V -^Sli 

loon] ^m<DmA<D^m(om.^m 

«. t?lB^3©^Cctel>-C. fiJiEJH3©^igWf*Jj: 

[0012] #BUR 5 ©|6BJ©S|?^S F 9 5? 
StfilfeGaAsSfcttl nGaAs*>W5Sl 

©^#®i, ^i©*^s«c«Grji3*(6i©^ 

J£2 tctemmtMC n aW&tfSWjni* ftfc A l G a I n 30 
Pip hUh&z <Dm&#M£. ia^2©^^Ji«:Sb 
TnM^E^#pJjQ3*i/fcA 1 GaAs*6&5S30 

©ipzg&Jf icjg LX n M^iWt*J#$tfJD 3h/cGaAs*> 

steams mmm 5 o*m&mzmmi, 

■C»W6tite»l©y-fe^iBPi. MMl©y-fe^PBP 
©f*3 SWCIW am 4 ©3M9WB te J: ows BUI 3 ©*^<*)l 
*®iiL,-cg:w6taifc^2©yH2Xiipt. SM2©y 
•fe^^P©^g|5{c^tHLfcfrie^2©^#)l©aMK: 40 
?&jjS$nft:y- h^ffii. «riam5©*««:)i©±ccm 
iaai i © y x gap £m -cwfliJtcjBfiS § ti tc v - x m. 

Si FU^>m®£*mTft£C££9#«fc<!:-<rS. 
[0013] #M!fl 6 ©fPJ©mj?£Sm F 5 >^ * $ 
UI2»5©^k:*ji»-c. Bufam3©*^)i*$J; 

bs» 5 ©*&<*«© n awftaattctt^Tfit* c t * 

[0014] #HS?i 7 OftB® WHft* h5>^$ 
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grgSJPL-fcGaAs $fctt I nGaAs*>i3«t5Sl 
«*fctt»^(CnS!Wtt#*iniSftfcA 1 G a A s 

I nGaP*>6«cS»3©*3«*JB4. ^3©^» 
JBtcJB0rna^W«lJ(WJSJlD3*ifcA lGaAs*6S 

tttt#*ftl3ftfc I n G a P*>6<cS«5 ©^ffli 

Ga As fob* ZfS 6 <D*tm#mt. m&m6<D¥&& 

Ji*jiaiyr»w6tifc»i©y-fe^MPt» Se»i© 
y -tz xnpertaKcffriB* 5 ©¥*s#ji*$ £ onus ass 4 

mm 2 © y •bxgap©jsgBKStti o/£Bgfa^3 ©*^* 

@©±{cmriam 1 © y •fe^^p^^-r-WJ^fiS^ti 

[0015] #ni3i8 ©^©m^Sf* k ^ 
«. B?iam7©f6Hj(c*}j,»-c. H?fai!r4©*i§wi*$«fc 
o'ftriam 5 ©^#11 ccs s n 3 & n mmmB.rn.wm 
ism 6 ©*!»#«© n m&m9itk&tctk'<-cffi<> ci* 

[0016] 

[fM» *I6^©S^5!»* F 5 A s 

Stf{b^®I^»W*4-C*-5G a As. AlGaAs, 
InGaAsi, P7C^Stf^^)^tt«if4-C* S 
I nGaPJfcliA 1 Ga I n P®8tJMtit*>£ttJifc3 
tiS^ii*. M^{*«?4©ra©Mnfe3MtRx ;( ^>^K 

[0017] c©i^. frfa2K">H2xi#3g*^j?s;3n 

tc'&lcB JhfcV-^W^Fl/-^ >«©©T© =1 > £ 
? h®©^^m@«CiaWiK±*>P>Ga A s . I n 
GaPil, V*2Xx.y?>-!/< l C£*)mmiC&mVtcA 
1 G a A s©±tcy- HSiMlfcCifCtot, 
*l>f8» F+KSiJSS (^1 eV) tl^Ci^t 
So t/c, fliaGaA sOnMWmtiCtb^-cm&l n 
Ga P©na^^ie : S:fi<S^C<!:«:J:-r>-C. ^ 

[0018] aiftitt. BiriB2|gy-fe^mit*5?f^3nr 

0»SR*»«ffiKjfiV>*«:±*»6JII10GaAs. SI 
©InGaP, IlOAlGaAsiU 'Jt^Jsf 
>^{C«t"3«ffitcSai//c02© I nGaP (StclZA 
1 Ga I nP) <0±lC^f- Vmm^BflS.btcCtK^-o 
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!^£S&FET£f#£C<!:#-C£-5. £/<:. ffiTSJft 1 
©G a A s © n ilPFiftlJMCJt'-* -CRISIS 1 © 1 n G a P 
*J J: CfgtSBff lOAlGaAsCn M^fi«JJHffi*ffi < 

3 -tfTCC h »JI£3t#-f -5 C <!: *J-C* £ . 
[0 0 19] £<=>«c. buIE»20 1 nGaPOTKKt 
-*$fi^£^tfSg2©A IGaAs, 3*6tt£;KHn(C 

aan l. «c i > < * fcttasa s tin > r fc+»«: ci » rSSt? 

mULtc) I2CDCaAs I n G a A s ) ? + 

**tt«W**ftfB (W*.«0. 3eV!lS> cctsse-r 

[0020] 
[IdkMl 

(Xtwi on a^mmomsmm h5>y^f©i 
i©3lifeCT ($1^) ©iftffiflfcstn-e&a. h<c*si> 

■C . 1 W**fcf£t4G a A s 2 tefll*. IfGaAsi 
fcttA 1 GaAstKBCheCQ^fOg^fCfc-^-C 

ttJSHJfttfC n B3*IV*W||3 ftfeA 1 G a A s 

(TJB) . 4ttm«GaAs$fc(JlnGaAs 

t, »«K-C«5S»n L/ 5=- + * ;VJB . 5 «/¥ 3 2f Gl ©£H!< S fc 
»*SefttJCna^»««*iaSJnStifcA 1 GaAsl^i 
I6JB <±B) . 1 6«nSf^*fi«J*aSJnivyt InGaP 
3>$*hTS. 7«na^f*fi^*iS?SK«:aSftIOfcG 30 
aAsn^iii'Ul-CtbS. InGaPn>5f^hT 
■ 1601 n*lfiXtbx«*il6m4GaAs»ffiltC«T- 
fte?*0. 4 8tca*Ci*J-C*4#«. C©ffi«:ftlJ?g 
<*4l5 &©"?«&(,>. SJfc. AIGaAsl^I 
(±B) SfccfctfA 1 GaAslfMl (TB> 3# 

ft i* i r -5 C i *5 dIIIB-C* S. 

[0 0 2 1 ] c © J: 5 ftS#3»m h 5 *»JWT© 40 

AsifiOlKffjltf«lUffii»S (MOVP 
E) 4«l»r. ^^rlfttMil/trvF-^G 
a A s®=&3 0 Onm. tOT7>F-7'Al 1 . 1 Ga 
... AsB£2 0 0nuk Si £2. 5 x 1 0"cn)-'gffi 
F-^bfcnSSA I ... Ga... Astt?ttttJR (T 
JB) &6ran. 7>F-^A1,., Ga,.. As^-t 
—If?: 1. 5 ran. 7> F — ^1 n,., Ga,., As?--* 
*^@*1 3raiu T>K-^"A I,., Ga,., As^ 
— 9-HK1. 5 ran. A 1 Ga A sSfMi (JJ3) 50 
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tbX. S-TSi*2. 5 x 1 0»cm'm& Y~VLfc 
nSAl,., Ga,., AsJ§*14nm. ttlr»rr>K- 
7'Al,., Ga,., As (i^a » h + ) B*2 0nm. S 
i*2xi (^'ar'SflEK-^l/fcna I n,.,,Ga 
,.„Pa>i'i' FTB*4 Oram S i £3 x 1 0"cm' 
gfiF-:/Lfcn§!!GaA sn^i' h±B£8 Oniru 
c©JD?-ext£+->+^/&g-r&. CCt, 7>F- 
7'In,., Ga,., A s *- + *;Wg£JM/C3SAb;te2 
-?©7> K-7'A 1 ,., Ca... As^-t-itJt 
BSL-r 4> F E T<D«Wfc«W¥Ce||»*.5*fct». $ 
fc. nIA I.., Ga,., AsH^Htt&B (JJB) ©- 
8B£ UTJfJfiXLrcT> F-7"A 1 ,., Ga,., As (U 

[0 022] PIAtfH, SO, -H : O, -H, 

O&i-v 9>ifm^m^xmiBnmG a A s h 
±®*Kai/r»i©>;-b^BaD«r^fiJE-r*. c©<t 

#. COx 7 f >^«ittt I n Ga PlJ^i'i y ?V ^ 
SttftUTcS). ItlBn SI I n..,,Ga.., 1 P=i>** h 
Tmomm^tii L ft^-cmi nSGaA s n>£ 5» 

h±B*Baw£ u Hz*gaa©?£3:£fo©x 

attWKflUtr*. 5KiC. m«HC 1 -H, OSi> 

&in*J&m?Z. C©<t#, COx-^^i'l-CttGa 
A s */c«A 1 GaAstt»i'x-;f>i/3hai>ft: 
«f>. B?f27> F— ^"A 1 ,. , Ga,., As (->a-^ 
*) I©II«lfcNl*-Cnll n,.„Ga,.„P 

©x^?>^ssije<)(c#±-r€». ^«c. ^2©>;-fe^ 

ran©SSf«:SWL/fcWia7>F-^A 1... Ga,., 
As 0>a h*) ^©^MfCMA«r;l/5x^A (A 

mfig*$ i vmnzm \<d>)*> z.mn*$kA,-cmmv> nSG 

X7W(AuGe/Ni) #H^6ftS V-^M® t 
F U >Sffi*^fiX Lrc^, iSS4 2 0 •Cflg©^fta 

[0 02 3] C©«t^4CLr^SS{$n7c*l6Hj©01© 

©!t#ii(=&JS?*br. *t»y-FWBEt^*ft«^KU^ 

nSSE*©®SSE&* h -5 > ^ X $ (ctb^T^ a* X 

(Clo]±3-tt-5.C <h*5-C#S. L/c^o-C. CCD! 10* 

[0024] (Hife^i2 ) 132 «, *^©m^m h 
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5>^**©»2©jS»W (»2«W> ©KffiflHBH-C 
*S. &*>\ H2fc*5t»T:* HI fc©#Jft»#«:ttfi|— 

>y^*iR«c[)«j«**"r*. -r«tfo%. a i g a a 

»MBSftiCnfflW«WianStifc I nGaPift^ 
Jl (JJB) 2 5 3WBJ5S3*K *te, InGaP3>^^ 
FTJB1 6fcK*)ornaW**W3!ll3ti/cI nGa 10 
P3>^^ h*[H»2 7 infflWft#tBa3*i?tA 1 
GaAs^>^^FT126 OfRMtatf KfiK £ ft ri> 
^ 0 C©«^ I nGaP=3>**HWBH27»Ga 
A S3>^ FJJB7(C«Lr#J5*3*rCC»S. InG 
aP!T«l (±H) 25<bInGaPn>£^F* 
WJB 2 7 OS I n«fliJt x B*«IH4G a A s Sffi 1 «c 
tt^SE£T*0. 4 9 KAfeC C©ffite 
M»Stt*fc<DW*ttl*. gfc, 1 nGaP®?-0»&JB 
(JJB) 2 5**J:tf A 1 GaAslW^l (T») 3 
^^© WBtfHt tt— «»* i T & C t ifi~C # 5. 20 
ifi. Cftterfi£ft*fe©r«tt<* ^K«J»flJ*a63S' 

- f > ^ iSf i T S C 1 3&s pjffi r * 4 . 
[0 0 2 5 ] COJ:5tt«#W»*h^>yx*ttKT© 

As^©±^m«*»«*BI«*Hflififfi (MO VP 
E) ftJB^-C, Ay7Tffi*«»liir7>F-^G 
a A s/Ift3 OOnm, Mt^t7> K-^Al,,, Ga 
a.. Asi^2 0 0nm, Sift2. 5 x 1 0 18 cnf'Sff 
K-^b&nSAl,., Ga,., As^ttfSI (T 30 
J!) ft6nnu 7>F-^A1,., Ga 0 .» A s F 
— JB*1. 5nm v 7>F-^In,., Ga 9 ., As^t 
*JWB* 1 3nrru T> K-^I n p . « , G a , . S1 P 
tJ--»ftl. 5nrru I n G a P»mt&J8 (±H) <fc L 
*C £"TSift2. 5 x l 0 1B cm- 3 ?I® F-y'LtcnM 
I n 0 .4 B Ga 0 .jiP^ 1 4 nm iW7>h*-^ln 
,. 49 Ga 0 . 51 P (i/a^K) Jf ft2 Onm, S i ft 2 x 
lO^an-'sSSF-^lfeniAl,,, G a 0 . ■ A s n 
FTJB*2 Oniru S i ft 2 x 1 0 l 7 cnf'Sffi: F- 

n 0 .« 9 Ga 0 .siP^>££ F*fSJlft2 0 40 
ren. S i ft3x l O^on-llgF^l/cniGaA s 
3>£* FJbBft0»*.«8 Onnu C ©JBjrC x fcT * * *✓ 
^^fiSfi-r*. CC"C\ 7>F-^In,,, Ga Q .a A 
s?^*;WJB*^ra»AOA:T>F-^A lo.i Ga 

As^^-ifciW^F-^I n 0 .4iGa 
• . . i P ^^-t"ltifi l/t F E TO»*Wft»fP 
tefi*S*#*ttt>. Sfc. I nGaPBffttel (± 
JB) CD— SBiL"CJI5fi£LfcT>F-^] n.. 4 ,Ga.. f , 

p <f> 3 v f+) say- hm©<DWjift%#-r?>gw 

ftfc^o 50 



WHPP7-3 3 5 86 7 
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[0 02 6 ]^, «A«H, SO, -H, O, -H, 
0*©x^^>y«*ffl^r«f8BnStGa A s 

COX ^>y»t?tt I n G a Ptt»i*x ? ^ > y 
SnWc^ SfiEngtfl n 0 .nGa 0l51 P3>^^ h 
*ffflJl©*ffl#KW LfcfcjftrttBnfllG a A s n> jr 

* h±/ift*ji*r4 y -fe^PiPois^ffijox » 
**>y«*flH>T\ flWB»i<oy-fexHP<Drt»cc«f 

IBSff 1 © y -fe*g8P©*S<fc •) t»l^*fcoI2 © y -te 

*HP*»*r4. c©±*. c©x»*>y«tcttG 

a A sg/cteA I GaAsKi'x^>^n^/c 
MISnMAlo., Ga 0 . 8 A s > £ * hTH©:gt 
ffi^35HiU^H#«^-CnMI n Q . 1s Ga Q ,„P3>^n 

*nji«rjia-r*» 2 © y *fex^n©^^^rs]©x ? * 
>y#a»B«cff*jhr*. <«c. wcxm«H, so, 

-H a O, -H, 0^x^^>y«*ffllir«riBnSA 
l 0 . 3 Ga,., A sn>»^ FTJB*aaiLX»2©y 
H2^BBP©x^^>yft«sttrS. C©££\ C©x* 
*>tfmmi nGaP(«i'x^>^^Wc 
ff§BT> F — ^ In,. 4 ,Ca,. 5i P itsavh*) 
B©*M^SUiO/cB#*-C^rianaA l o.i Ga,., A 
s 3 * F-THftSiiT^ y -b^BP©aiS#|fitl©x 
**>yjf«ttflWci*±T*. W2©y-bXBBP 
©JK«fclMLfc*fflB7> F-* I n 0 . 49 Ga 0 . 5 iP 
(->3 ^ F+) JB©*9licMjtt27'l'3x9A (Al ) 

*iJ:CrtfH3» 1 © y -te^5HPft^-CMM©nMGa A 
sn>^ F±B©SffiicM^tf^y^vx^A/x 9 
(AuGe/N i ) 4I*64SV-X«SiFl/ 
Y>«S*»«Ufc«. SS4 2 0-CflS©J»«LStCct 
o r * - a ttgftift JB fSrr o 

[0 0 2 7 ] C©<t9CCL/"Cffi«dnte*«9B©»2© 
©^mftSRUr, jrtl^-hWffii^ttdfWcFU-f 

«wttt<D7tD^ra»6«j c y>ABBic 

^SnSfS*©«lfS6*F"5>^*©A IGaAsl 

*&&m (jjb) cctb^-si, »2©y-bxHP©jsaJ 

tC^ffiL/c I nGaPl^MI (JJ1) ©«ffi^^;i/ 
MI4&f©^Wm^l/r«>$«^*^Bftftft|gSt' 
[0 02 8 ] (^1*6093) B3tt % *«W©m^*F 



(7) 
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*>^**©*3<Z>jS*W (»3«W> OKffit»3§Sr 
>^^driia«©«J0E**r* B -Tttto*, A 1 G a A 

swfgw&ji (ijf ) 5ecftb^T»s*rt©±«*fc 

»*»BfWfcnffl^R«**s«J!n**ifcA 1 Ga I n P«^F- 
m&m (Jb») 3 5jW»S3*V 4fc. InCaP^ 

FTJB1 6CC«t>ornSl^*3W»ai3tiikI n 10 
GaPa>£*F *Pb1® 2 7 <b n STWMWAldtlft: 
A 1 GaAs^>^ HTJB2 6CD»JB«JS#9l5fiR3*i 
■CliS. C©«^, I n G a P n £ h i£figj§§ 2 7 & 
GaAs3>^^F±I7tCl6t^ntt^ B A 
I Ga I n P*?0feteH (_bJf ) 35iInGaPn> 
£>7 F*R8JI2 7©§I nfflSttxtt$«ftttGaA s 

COmtfflfBLStl&bOViZtZl,*. A 1 Ga I n 

PIWI (JJf) 3 5WMlGaAslWjS 
S (T») 3*lWr<DWW»tt^BbWtirftC 20 

[0 0 2 9 ] CCDcfc 9 F v *ttJ£lTG> 

As^O±«c«itt*»«*BI«ffi«fiffi (MOVP 
E) *JBC>-C v 7 rffi$9M^ bt7> K-^G 
a A sM3 0 Onm, ffil>XT> F-?"A 1 0 . i Ga 
o.. AsJl*2 0 0nm, Si^2. 5 x 1 0 18 cm 3 m& 
F-^fcnfiAl,., Ga... AsS^I (T 30 
Ji) &6nm* 7>F-^Al 0lJ Ga,., AsX^-t 
HB*W£W!l. 5nm, 7>F-^In,., Ga 0 .,A 
S* + *JWB* 1 3nrru r>F-^(Al,., G 
a, . , ) o.si I n 0 ., 9 P;*^—*!?* — M% 1 . 5 nm, A 1 
Ga I n PKT-tiHMI LhJf) ±LX, ^TS i *2. 
SxiO^on^fiSF-^UcnS (Al,., G 
a,., ) o.si I n».,,PJl* 1 4nm v Dfc>t7> F— 

(A 1 Ga,,, ) o.si I n,.<,P (i/avK)! 
*2 0nnu S i *2 x l 0 17 cm- J «B^-:/l,fcn3SA 

L,., Ga,., A s a £ FTTf^ 0 run, S i * 2 40 
x 1 0 17 cm- 3 HSK-^L/cnM I n,. <s Ga,. sl Pa 
>**F*IBJ1*2 Onnu S i *3X 1 0 18 cm- 3 lift F 
"7'UcnSGaA s n>££ FiJI£8 0 nm, CODIB 
ffrib^+i/ + «fitS. CGt, 7>F-7'In 
a.2 Ga,., A ^^Jimiik/u-crnXLtcT^^- 
y'A\o.2 Ga 0 ., A s X"<-1t-m*5J:Zf7> K-:7 

(Al,., Ga,., ) o.si I n,.« 9 PX^— U*— JUteilf 

fc, A 1 Ga I n PfS^HftJSJg (±B) <D-SB<b LXB 
f&LfcT> F-^fAlo.jGa,., ) Qlll In ( .„P 50 



'•I5W7-3 35 8 6 7 
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(^a^ F*) »»y-HSffi©Wffi€:3Jc»-}--SBWft 

[003 0]^ mtfH, SO, -H, O* -H, 
0*x**>y«£JBivriiWBngSGaA s 3>£* F 

COx^>^iSr«InGaPBRtx^>^ 
StittC^A. ItEnai n 0 ., 9 Ga 9 . Jl Pn>^^ F 
*RSS<DSlH#S!±J L /fc^F^t*mff E niGaAs3>^ 

v*>#mzmi>x. mnzm loy^xMPortawciw 

12111 1 <D >J Z BBPOdJ: «5 fcogl 2 <D -fe X 

BBP«rJB0trS. C©«!:S, COi^>^«tttGa 
A s SfcttA 1 GaAsttfti'i7f>^3toC»fc 

BufEn§aAlo.2 Ga,., As^>^^FTl^ 
ffi#»mUM5j&-CnSai no^Ga,,^^^ F 

^raJBSKa-rssr^oy -fe^HPoaEs^ioiox^ ? 
>^ssti^c^±-r6o wcjpmtfH, so, 

-H 2 0 2 -H, 0*Ox?F^>y«%ffl^TSnBna 
Al,., Ga,.. A sn>*^ FT»*JKlLrT»2C!> 
VH2^BBP©xy^>^*«jK-r5 D C©i*. CCDx 
**>y?RrttA 1 Ga I nPtt?Sfx^>yShtt 
t**:*, WIBT> F-^ (A I Ga,., ) 0 . 5a I n 

MAI,., Ga,., As3>^ FT@*Sii^2> U *fe 

(A 1 o. 2 Ga,.. ) ,.51 I n 0 .«»P (S/a v F+) JI 
©«®tcMx.«T;l/5x^A (A 1) iP*>tzZ>tf-Yn 

y^^BBPSR^pSflBKOnSJGaA sn>^^ F±J1 
0li^^a^;WX'ii A/x f (AuGe/ 
N i ) £«*>&tt*y-;*«ffi& Fi/-/>««4»«L 
W*, 2 0 'Cgg^^Il^i or amm 

[0031] co<fc5ccur^«3tifc*«Mo»r3o 

nk $ n 5fc<E^f¥#J:3l F *7 > ^ * £ Cclt^ r ^ P *fe X 
JfiWcc^rWfSft* hv>^^(i-7>{^n»$ y^ 

?n^gf*CDm^m F ^ >i^^ ^CD A 1 G a A s 

(±JB) Cctb^Si. *2©y-fe*BP(&JB»«c 
StHU/cA I Ga I n PS^tt^B (JJS) coaiB^^ 



13 

TSCimS. AlGalnPilnGa 
A s <Dffl<D&mmx.*)l>tt&mmiZ. InGaPil 
n G a A s (O^^^^^^migm^tt^X^ 

$mm<om$?-$})g: v ? >^x * mt^x-A % a f u y > 
«st%«ie-r * c <t #r * 

CO 0 3 2 ] (ISteW4) H4«, **W©«SSft»h 
9>^**<D#4©SeMW (*4«98> oKrowMSHr 
*S. ft*s* E4K:*5i,>T, Si tottl&SHftictem— 

>^^^<ti§iao«fiR*wrs. -ratoft, aigra 

M9fn(C na^NttAWAld n/cA 1 G a A s 
IMI <±JB 1)51 ifltS#I^©*«afcttJBl»fW«Cn 
ffi*tt»#»Jn3ftfc I nGaPWll (±112 ) 
5 2 0MO»ft9$A3ft. *te, InGaP3>^^ 
hif 1 6Kftbornffl^«*3W«)tn3*xfc InGaP 
n>£$7 F*lffl»2 7 tnffl^»»*»fllS*lfcA 1 G 
a A s :n > £ * FTJf 2 6 ®M4Hk*s»JA3 *iT l> 
*. CCDig^, A 1 Ga A slf^l (±B1) 5 1 
tt* 4 GC&0TJBJ£3*1, InGaP3>^ 

h*KB2 7«Ga A S3>^ H17«CglrM 
3titC»5. I nGaPlfftfei (JJ12) 5 2 <t I 
nGaP3>^>;FW2 7<DS-I n»JSRltx«^*ft 
J»ttGaA sS«l tC«fflK^-T4 0. 4 9fcji.&C«fc 

I n G a P«?0tfMi (±H2) 5 2*J:tfA 1 G a A 

[0 03 3 ] CO < i: ; 5am^*h^>^X^«J«TCD 

A sSS<D±(cm6iWM^Jl^tBfiSSffi (MOVP 
E) £JB^T, A^ 7 ffl*«ftItlt7>F-7 , G 
a A sJf 3r#l;U£3 0 Onm, ^t^rr> H-^A I 02 
Ga 0 . 8 Asi^r{?litf2 0 0nni, S i^2. 5X10 
"cm'mmV'-yLtcnmA 1 Ga,., AsS^ft 
f&JI (T») %m«6nm, T>F-^A 1,., Ga 

A s*'<-'V--m*:MX-t£l . 5nm, T>K-^ # I 
n 0 . a Ga,., A s * + *;WS*0J*tf 1 3 nrru T> F 
-7'Alo., G a o . ■ As^— tf-BSrWittf 1. 5 
nm, A 1 GaAsl^fJt&I (_fcJB 1 ) iltS i* 
2. 5xiO H cm- 3 ISF-7'UcnSAl 0 . 1 Ga 
0 . 8 Asi^lOnm, InGaPlfft^l (±@2) 
iUr^-TS i £2. 5X 1 0 18 cm- 3 lljeK-yu/cn 
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m\ n 0 .oGa (i]1 PJf£4nrru *Hl>rT>F-P r I n 
0 .< 9 Ga 0 .,iP (^>3 ^ h+) 11^2 Onrru S i £2 X 
1 0 17 cm- 3 ^SK-^L/cn§5!A 1,., Ga,., A s n 
hTJI£2 Onm, S i £ 2 x 1 0 w crrf 3 ?1K F — 
7LtcnM In,. 48 Ga 0 .siP3>^^ F*IHJB*2 0 
rm S i £3x l 0 19 an- 3 *IRF~:/bfcn^GaA s 

F_bJg*8 On* C<DJi#rxfc*£ 
gf£o CCT\ 7>F-^In BlI Ga,., Asft 
^JH?:Mt^Alfc2 o<D7> F-7*A l ltl Ga 
10 ... As^^-^-JBt*««Lrt>FET©»*Wa» 
f¥CCj««:#*.ttt>. 4fe % InGaPl^I (± 
M2) <D—£$£LXB!&LtcT> F-^In,.„Ga 

[00 34] i^tC, Wi«H, S0 4 -H, 0 2 -H, 
0&x**>y*flJi>TfM2nSGaA s F± 

■*JtaLr*i<o';-b^Hn*»j«-r*. cot*, 

C©i-^>^TO I n Ga PIJ»i:X7^^h 
20 JB<Z>fian#8W L/cB$«£/CmflB nlGaAsa>$n 

±mzmm?z y **Rp©»s*fii<Dx 9 ^>y#s 
»»«:ff±-r*. 3ck:* m«Hc i -h 2 om*v* 

1 (D V -fe^BBDOiH <£ 5 »lr>«* fcoI2 <D VtXffla 
i&tfitZ. C<D£t, C©i^>yi«GaAs 
$/diAlGaAs^x^>^n^/tfe ftir 
ienSSAU.i Ga 0 . 9 A s n > £ £ FTJI<Dicffl#8 

£ 3T 2 © y -te X R DOff 3 Ox^>W 
30 a»Wfc#itr4. SWI^tfH, SO, -H, 

o, -h 2 p»x^^>y{R*ffliirfrianaA 1 

Ga,., A sn>^>7 hT®£Sfi0rJjl2cD';-fe*gg 
□<Z>Xy^>^%«*ir4. CCDi^, C<Dx^^>^ 
■«rttl nGaP«%<b'x^5 1 >y$tiai^c2!?>, mTfB 
7>F-^In,. 4 ,Ga 0 .„P (^3^ + ) ^OS® 
^SmU/cff^rSJIBnSiA 1 Ga,.,As3>^ 
^ hTHSrSiiT* V 4z^RDCDaiS*rnI(3Dx s/ 
tfStttttefMiT*. ^c, m2 0'jHr^ggnojgaJ«: 
RfflL/ciSSBT^F-^I no., 9 Gao. S iP (Ubv V 
40 l©i®cm«7^$x>jA (A 1 ) frhta&y 

» 1 O y *^BSP4ft^MlOnfiG a A s 3 ^ 

Y±Mommzm*\t&V)te-*>j*/-v*)v <au 

Ge/N i ) ^JR*>6«cS V-Xfii F U-Y>«ffi* 
JK«b/c«. SS4 2 0'C?igCD^MJI^J:oT^-A 

[0 0 3 5 ] C©J:^«CLrffl83*ifc**IH©»4<D 
50 >«iS4|iI«FCcffi«'i-4Ci^r*4. L^fe, 05 CC 
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m$tlZft&<DmR$>Mkb 7>SSZ.ii<DA IGaAsI 
(CSIttJbJt I n Ga Pn*m&m (±M2 ) ©SHM"* 10 

tSCim«. 3 

[0 03 6] 4 

atti?*>*ttw*5NB!-*-4c 6 

n-b^JCsfiMKtB«lB<o^««at*ia*C 8 
■C. => > £ * F »© n &?4CftiftS«*atttC9.fc C <h 20 10 

#rc* z-tt#>> ¥ i> 4 >m%L<Dtmt y- y »ee©i£j± i 6 

*RB#«:H3RTSe&*«-C**.. 1rUt>%, *^W«CJ; 2 5 

tltf. 2©>;H2^dt5rfc^7 i PS^mi?5cftmh7> 2 6 

y^*OW4IBYbi*«ttl5l±*iail«K9eRriCi3W 2 7 

"5Tfi<fc&4. 3 5 

[0M©fS#fcSftHJ] 5 1 

[01 ] :£#Slili©S#^b5>^*£©^l©g?J6fl»J* 5 2 
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©W0»j&&^T«l5£0-t , *.5> <> 

©wro^^T^nr-$>s. 

[04 ] *^©mi?3a* h 7 £©»4©Sfe5SffiJ 
[05] &4&tlStc J: h 7 *©t0i®*8 

[^©IftBJ] 



A 1 G a A sl^Ml (TJ1) 

A lGaAs^ftfSI (±M) 

GaA sn>*£ 
y-;*? 
y- M 

I n G a P^^^i? 
I nGaPl^MJl (±M) 
A 1 GaAs3>$i> l-TH 
I nGaPn>^i7 h tfiRSJi 
AlGaln Ptt?$ttJB UJB) 
A 1 Ga A s H^4£i£Jf (JbJi 1 ) 
I nGaPtfMM (JUS 2 ) 



[01 ] 



[02] 




I fla Ae*-?#tieS (-LO) 
3 A I Oa A a'tt^SHSS (TJK 




I nGflP3>it? h^Rflfl 
A I 8aAs3>*7hTJS 
l m»BPtfMH UJB) 



(10) 



35 867 



l®3) 



l®4) 




kWWWA 



2 7 

2 6 

3 5 



InGa P3>*? h*HUB 
A I G a I nP«?fti&JB <±JB) 




I nGaP3>$r*H£HJB 
A I Oa A»3>*? hTJH 



[05] 




1 o 



GaAaa>??h.fcjV 



